Introduction

43
Plastics are manufactured and consumed ubiquitously in many areas as it is a cheap, lightweight, waterproof and 44 stable material (Blasing and Amelung, 2018; Crawford and Quinn, 2017a). As a consequence, plastic wastes, properties: initial gravimetric water content, bulk density, total porosity and saturated hydraulic conductivity in the top soil layer (0-20 cm) and also influence water distribution in the maize root zone (Jiang et al., 2017).
85
These kinds of film residues in soil can degrade and contribute to secondary MP sources (Horton et al., 2017) .
86
Another direct source of MP may come from sewage sludge when it is applied as a fertilizer in agriculture (Carr indicated that the earthworm (Lumbricus terrestris) exhibited particle size selection when transporting MP when 104 MP concentrations were 7%, 25% and 45% w/w litter on the surface. MPs smaller than 50 μm were found to be 105 up to 65% more abundant in soil as compared to the soil surface. These studies clearly showed that biogenic 106 activities could be potential pathways for MP transport through the soil towards groundwater, especially for MPs 107 smaller than 50 μm and Nano-sized material. MP accumulation, distribution and transportation through the soil,
108
and especially MP transportation into the soil under preferential flow has so far not been studied. by preferential flow without penetrating the soil matrix, presenting a hazard to surface and ground water quality.
120
In order to investigate preferential flow paths and make them visible dye tracers are used to stain the channels 
Materials and Methods
132
Experiment set-up
133
A laboratory soil column experiment was designed to investigate whether MP could be transported into and was washed in demineralized water and then dried in the oven at 60°C to remove any toxic solvent (Huerta Sandy soil (94.40% sand, 3.20% silt and 2.40% clay) with average organic matter content of 3.37% was used 142 since this material had a high saturated hydraulic conductivity of the soil matrix compared to other soil types.
143
The soil columns were made of clean PVC tubes. Four rings (10 cm in height and 12 cm in diameter) and one 144 taller ring (20 cm in height and 12 cm in diameter) were placed on top of each other, with the taller ring on the 145 top of the column (Fig. 1) . Duct tape was then used to keep the separated rings together and to avoid water Table 1 The various treatments of the experiment, each experiment contained 8 replicated soil columns. water and the supply of tap water was stopped at that moment. When leaching was finished, all drain water was 188 directly filtered and the filter papers were subsequently dried in an oven at 40 °C for 24 hours. The plastics used in this study were thermoplastics and easily changed shape and colour into a round and shiny 216 spot when heated. After being heated for 5 seconds, MP debris melted and changed shape which helped us to 217 distinguish MP from dust or sand. Comparing particle shape and colour in these two pictures, the round shiny 218 spots are melted MP while the other particles are not (Fig. 3) . (1)
229
In equation 1, m is the weight of the plastic particles (g),ρ is the density of the plastic ( 0.90 g cm -3 ),n is the 230 quantity counted, and Si is the vertical angle of the viewing area occupied by plastics i after melting at 130°C for 231 3-5s (in pixels, 1 pixel=0.585/60 mm). Si was calculated in Image J.
232
Data analysis
233
IBM SPSS statistics version 23 was used to perform statistical significance analysis among treatments. All of the 234 data was checked using K-S and Levene's test for normality and equality. Kruskal-Wallis test (nonparametric 235 test) was used if the data was not normally distributed even after log transferring. 
Results
237
MP particle distribution and concentration along soil column
238
The MP particle concentration and size distribution results in the soil samples from the burrows and layers are 
Earthworm Burrows
265
The boxplot for burrow number, volume and organic content per soil layer in treatment EW-L and MP-EW-L are 266 displayed in fig. 6 . The data of burrow quantity, volume and organic matter did not have a normal distribution 267 which can be seen in fig .6 . Comparing quantity of burrows of these two treatments, the median was different.
268
Median of burrow quantity in each soil layers was close to the 25% quartile and skewed to the left. In treatment 
MP in Leachate
279
No MP particles, even those smaller than 50µm, were detected in the filtered drainage water for treatments MP- Moreover, there were only 0.36% particles < 50 μm, which was 0.33% in soil samples from the soil layer 40-50 287 cm. 
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